Introduction
============

Different lifestyle factors, such as the consumption of high-calorie food and sedentary behaviour, have led to substantial increases in body weight both in industrialised and developing countries in recent years, and worldwide the number of obese adults (defined as having a body mass index (BMI) of 30 kg/m² or higher \[[@R1]\]) is rising \[[@R2]\], \[[@R3]\]. In Europe, obesity prevalences ranged from 4.0% to 28.3% in men and 6.2% to 36.5% in women between the late 1980s and 2005 \[[@R4]\], and given a linear trend, overall obesity prevalence is predicted to be 30% in 2015 \[[@R5]\]. In Germany, one study estimated that from 1985 to 2002 the prevalence of moderate obesity (30 kg/m² ≤ BMI \<35 kg/m² \[[@R1]\]) increased from 16.2% to 23.5% in women and from 16.5% to 22.5% in men, while severe obesity (BMI \>35 \[[@R1]\]) rose from 4.5% to 7.5% in women and from 1.5% to 5.2% in men \[[@R6]\]. Obesity is a major public health concern because it is a key risk factor for a range of chronic diseases, e.g. type 2 diabetes, hypertension, cardiovascular disease, osteoarthritis, stroke, gallbladder disease, sleep apnoea, respiratory problems and some cancers \[[@R7]\], \[[@R8]\], \[[@R9]\], and has major economic consequences for societies. Cost of illness studies in Western European countries have shown that direct and indirect costs associated with obesity range from 0.09 to 0.61% of the total annual gross domestic product \[[@R10]\], and direct health care costs have been estimated to range from 1% in Germany to 12.6% in the US \[[@R11]\], \[[@R12]\]. Thus, while methodological differences in studies, subgroup differences (e.g. higher health care costs in severely obese groups with higher socioeconomic status (SES) \[[@R13]\]), and chances of lower lifetime long-term care costs in obese groups \[[@R14]\], \[[@R15]\] call for differentiated approaches to obesity costs, these costs may be considered substantial \[[@R16]\].

The evidence-based guideline in Germany \[[@R17]\] stresses that general practitioners (GPs) have a key role to play in long-term obesity care. In addition, studies show that primary care physicians do so in preventing overweight as well, as they are easily accessible, monitor changes in health status and weight, and are basically able to consult obese adults on relevant lifestyle factors \[[@R18]\], \[[@R19]\]. Empirically, GP utilisation, like costs, is significantly higher in overweight compared to normal weight adults in Germany \[[@R20]\], \[[@R21]\], \[[@R22]\], \[[@R23]\], \[[@R24]\], \[[@R25]\]. For instance, studies have found that obese adults' odds of contacting a GP are 1.5 times higher than for normal weight adults \[[@R21]\] and that those who are severely obese report nearly 45% more contacts with GPs than normal weight adults due to physical comorbidity \[[@R20]\], \[[@R22]\].

However, these studies were cross-sectional, and both in Germany and internationally, few studies have examined the association between body weight and health care utilisation longitudinally. A recent Danish study examined GP utilisation, hospitalisations and number of bed days as associated with BMI based on an adult survey sample from the 2000 National Health Interview survey combined with Danish register data \[[@R19]\]. The study distinguished between frequent and infrequent users of care and found that obese and, to a lesser extent, preobese infrequent users had substantially increased GP services utilisation at a 5-year follow-up compared to normal weight participants. While this study did not consider *changes* in body weight as a correlate of utilisation, one prospective cohort study, which did analyse the effects of such changes in a population sample of elderly Spanish adults, found no association between higher health care utilisation and weight gain, but did find an association with weight loss in both obese and non-obese subjects of both sexes two years after baseline \[[@R26]\]. However, the Spanish study had only a brief follow-up period, used self-reported rather than measured assessments of weight change, and did not differentiate between moderate and severe obesity. Thus, the results of the study provided no evidence for a higher impact of severe obesity on direct health care costs \[[@R27]\], \[[@R28]\] and, for example, on GP utilisation \[[@R20]\], \[[@R29]\].

Against this background, the present prospective cohort study reports data from a population sample of adults from Germany followed-up over a 7- to 10-year period and stratified into groups by baseline BMI and change in BMI (four weight maintenance in terms of normal weight, preobesity, moderate obesity or severe obesity both at baseline and follow-up, respectively, three weight loss groups in terms of severe obesity at baseline and below at follow-up, moderate obesity at baseline and below at follow-up, or preobesity at baseline and normal weight at follow-up, and three weight gain groups in terms of normal weight at baseline and higher at follow-up, preobesity at baseline and higher at follow-up, or moderate obesity at baseline and severe obesity at follow-up). Focusing on outpatient care obtained from different kinds of physicians, the study aims to elucidate the associations between BMI development and future utilisation of care by adults with normal weight, preobesity, moderate and severe obesity. To account for other variables considered key in theories of health care utilisation \[[@R30]\], \[[@R31]\], selected predisposing (sex and age), enabling (SES) and need factors (physical comorbidities) were adjusted for in statistical modelling.

Methods and procedures
======================

Study population and sampling
-----------------------------

The MONICA/KORA (Monitoring of Trends and Determinants in Cardiovascular Disease/Cooperative Health Research in the Region of Augsburg) Surveys S3 (1994/95) and S4 (1999/2001) are population-based health surveys. The participants in each survey were randomly selected from all registered citizens of German nationality aged 25 to 74 years with permanent residence in the region of Augsburg and its two surrounding counties. For S3, a follow-up study F3 was conducted after 10 years, and for S4 after 7 years. Samples of 4,856 participants (S3) and 4,261 participants (S4) participated in the baseline surveys. Of these, 3,006 (F3) and 3,080 (F4) adults also participated in the follow-up studies. For the present analyses, data from both surveys have been combined. Since data on outpatient utilisation were not collected on participants aged 65 years and older in S3, all subjects aged 65 and above at baseline were excluded (n=833). Individuals were also excluded if they had missing data on BMI either at baseline or at follow-up (n=57) or if no information on socioeconomic status (SES) was available (n=9). Also, participants with a BMI ≤18.5 kg/m² either at baseline or at follow-up (n=40) were not included due to small numbers. In sum, from both longitudinal surveys, complete data were available for 5,147 individuals (2,597 from S3/F3; 2,550 from S4/F4). Written informed consent was obtained from all participants, and the studies were approved by the responsible ethics committee (Bavarian Medical Association, Munich).

Measures
--------

### Outpatient medical care utilisation

In all surveys, information on age, sex and SES was obtained by professionally trained medical staff during an extensive standardised face-to-face interview \[[@R32]\]. Outpatient utilisation, which was assessed in KORA surveys F3 and F4, referred to visits to GPs, internists, gynaecologists, surgeons, orthopaedists, urologists, otorhinolaryngologists, ophthalmologists, dermatologists, neurologists, psychotherapists, occupational health practitioners and others. In F3, outpatient utilisation was assessed as follows (example for GPs): "How often did you visit a general practitioner in the last 12 months?" In F4, participants were asked: "How often did you visit a general practitioner in the last 3 months?" In order to achieve comparable 1-year time horizons, all F4 utilisation data were extrapolated to 12 months. Since studies show that GPs are the most consulted physicians in Germany (with the exception of gynaecologists by women) and, as noted earlier, GPs are explicitly mentioned in the German evidence-based obesity guideline \[[@R17]\], physicians were categorized into three physician groups: GPs, internists, and other specialists.

### Obesity

In all studies, trained medical staff measured the body weight and height of all participants anthropometrically as part of a standardized medical examination. Calibration of measuring instruments was ensured through weekly or daily inspections using standard weights. BMI was calculated for each participant as weight in kilograms/(height in metres)². In accordance with WHO \[[@R1]\], the following classification was used for the analysis: normal weight: 18.5≤BMI\<25; preobesity: 25≤BMI\<30; moderate obesity (i.e. obesity class 1): 30≤BMI\<35; severe obesity (i.e. obesity classes 2--3): BMI≥35.

### Comorbidities

Incident diabetes and incident first cancer between baseline and follow-up (i.e. S3 and F3 or S4 and F4) were assessed by checking if the values of the follow-up self-report variables *age at diagnosis of diabetes* and *age at diagnosis of first cancer* fell into the time period between the two surveys.

### Sociodemographic and socioeconomic factors

Information on sex, age and SES from the follow-up studies (F3 and F4) were used. SES was assessed in structured computer-aided personal interviews conducted by professionally trained medical staff and was defined according the revised version of the SES index proposed by Helmert \[[@R33]\], which is based on scores for educational level, occupational status and income assessed following national recommendations \[[@R34]\]. Five educational levels (including school education and vocational training), nine occupational status groups (ranging from unskilled workers to high ranking managers), and nine income groups (comparing individual with median equivalent household income) are distinguished. Scores for educational level, occupational status and income are summed to provide an overall SES index score. Based on the overall index score, individuals are categorized into one of five SES groups. In the event of missing values for the three scores, if at least one of the scores was available (n=97), missing values for the remaining scores were imputed (based on the information available on educational level, occupational status and income) with a single imputation using the Markov Chain Monte Carlo method in SAS PROC MI to prevent possible systematic loss of data.

Statistical analysis
--------------------

Characteristics of the baseline BMI groups were compared using analysis of variance (ANOVA) for continuous variables and chi-squared tests for categorical variables. Utilisation of GPs, internists and other specialists were analysed separately. Generalized linear regression analyses were conducted to account for the typically skewed distribution of utilisation data. A negative binomial distribution was chosen since data showed signs of overdispersion. Changes across BMI groups in the same direction were combined, resulting in 10 groups of BMI development: 3 groups of participants who moved to a higher BMI category between baseline and follow-up, 3 groups of participants who moved to a lower category, and 4 groups of participants who remained in the same category. Models were constructed in a hierarchical fashion. Model 1 included age, sex and SES as well as a dummy variable indicating whether the subject participated in the S3/F3 or the S4/F4 study. In Model 2, the BMI development variable was included; incident diabetes and incident cancer were added in the final Model 3. Exponents of the negative binomial regression estimates are reported and can be interpreted as factors (i.e. a covariate with a coefficient of 1.3 is associated with a 30% increase in the number of visits). Analyses were performed using SAS version 9.2. P-values of 0.05 or less were considered statistically significant.

Results
=======

Sample description
------------------

Table 1 [(Tab. 1)](#T1){ref-type="fig"} shows the resulting analysis sample (n=5,147) by BMI categories from the baseline surveys cross-tabulated by sex, age and SES from the follow-up surveys and by incident diabetes and first cancer. Women fell into the normal weight and the severe obesity categories more frequently than men. Higher SES was more frequent in groups with lower vs. higher BMI, and mean age increased with increasing weight category (overall mean age: 53.7 years). The probability of incident diabetes at follow-up increased with BMI (up to 18.3% in the severe obesity group), while incident first cancer was most common among those with moderate obesity (4.7%).

Table 2 [(Tab. 2)](#T2){ref-type="fig"} shows the number of participants who stayed in the same BMI category and who changed category by gaining or losing weight between baseline and follow-up. While most participants remained in the same BMI category, a total of 1,453 participants had changed categories by follow-up (28.2%). Of these, n=498 who had been normal weight at baseline, n=431 who had been in the preobese group and n=150 who had been moderately obese had gained weight. Thus, 74.3% of "changers" had gained weight. Of the n=374 participants who had lost weight by follow-up, n=220 had been preobese at baseline, n=112 moderately obese, and n=42 severely obese. None of the participants had increased by three BMI categories -- that is, no one had gone from normal weight to severe obesity. However, n=2 had lost weight across three categories (i.e. from severe obesity to normal weight).

Associations between BMI development and outpatient health care utilisation
---------------------------------------------------------------------------

Table 3 [(Tab. 3)](#T3){ref-type="fig"}, Table 4 [(Tab. 4)](#T4){ref-type="fig"}, Table 5 [(Tab. 5)](#T5){ref-type="fig"} show the hierarchical regression results for the effect of BMI development on the number of visits to GPs, internists, and other physicians in the year before follow-up, respectively. Women and older participants reported significantly more visits to all physician types, with the exception of women's visits to internists. Also, participation in the S4/F4 surveys was associated with lower utilisation. As for SES, the only significant effects observed involved GP utilisation. Participants in higher SES categories visited GPs less frequently than those in lower categories. Neither the addition of BMI development to Model 2 nor of incident diabetes and first cancer to Model 3 substantially changed the estimates of the effects of these predictors.

Regarding the impact of BMI development on GP utilisation, Model 2, which did not control for physical comorbidities, showed that participants who remained in the same overweight category (preobesity, moderate obesity, severe obesity) reported significantly more visits to GPs than those who maintained a normal weight. Those staying in the preobesity group reported 35% more, in the moderate obesity group 55% more and in the severe obesity group 97% more (see Table 3 [(Tab. 3)](#T3){ref-type="fig"}). Among those who had gained weight and switched to a higher BMI category, those in the normal weight range at baseline reported 37% more visits than the group who had maintained normal weight. Those who were preobese at baseline had 44% more and those who were moderately obese had 108% more visits than those remaining at a normal weight. Finally, those who lost weight after being in the preobesity group at baseline had a 44% higher utilisation rate; those originally in the moderate obesity group had 30% more visits (the only insignificant effect) and those in the severe obesity group had 127% more. This pattern of estimates did not change substantially in Model 3 after adding incident diabetes and first cancer as covariates, even though estimates were numerically reduced and those who developed diabetes between baseline and follow-up had significantly more visits to GPs than those who did not (48%).

Turning to internist utilisation, among the groups that remained in the same weight category at follow-up, only the two obese groups reported more visits than those maintaining normal weight (134% more for the moderately obese and 78% more for the severely obese). Moderately obese participants who had changed their weight category showed a significantly higher number of visits regardless of the direction of this change (93%). When taking comorbidities into account in Model 3, incident first cancer significantly increased internist utilisation by 115%, and the effects of both losing weight among those with moderate obesity at baseline and of staying severely obese were no longer statistically significant.

Regarding other physicians, only participants gaining weight after being moderately obese at baseline and participants staying severely obese reported significantly more visits (41% and 34%, respectively) than those who stayed within normal weight range. Again, incident first cancer predicted higher utilisation in Model 3 (107%), and its inclusion led to a change towards statistical insignificance of the effect of having stayed severely obese (now 29% more visits than staying at normal weight). As shown in Table 6 [(Tab. 6)](#T6){ref-type="fig"}, if visits to GPs, internists and other physicians are combined, all BMI development groups -- except those with preobesity or severe obesity -- who had lost weight showed significantly higher utilisation than those having stayed in the normal weight range, and both incident diabetes and first cancer predicted more visits (39% and 81%, respectively). Also, while both female sex and age were associated with higher utilisation, high SES was associated with fewer visits. Figure 1 [(Fig. 1)](#F1){ref-type="fig"}, Figure 2 [(Fig. 2)](#F2){ref-type="fig"}, Figure 3 [(Fig. 3)](#F3){ref-type="fig"}, Figure 4 [(Fig. 4)](#F4){ref-type="fig"} show group-specific means and confidence intervals for the utilisation of GPs, internists, other physicians and all physicians.

Discussion
==========

The present study aimed to investigate possible associations between maintenance vs. change in body weight and subsequent outpatient health care utilisation in terms of number of visits to physicians. GP utilisation by participants who stayed in the same BMI category increased linearly with BMI category. Consistent with previous cross-sectional studies \[[@R23]\], \[[@R24]\], \[[@R25]\], \[[@R27]\], while among those who moved to a higher category, all overweight groups reported more GP visits than those who had maintained a normal weight (especially those who had been moderately obese), among those who lost weight, those who had been preobese and especially those who had been severely obese at baseline reported higher utilisation. Internist utilisation was highest among the moderately obese at baseline. After inclusion of incident diabetes and first cancer in the model, those in this group who had either maintained their weight or gained weight by follow-up reported significantly more visits than those who stayed in the normal weight group. Concerning other physicians, only participants that switched from the moderate to severe obesity group reported significantly more visits than those who had stayed in the normal weight group. When summing up utilisation for all physicians, all BMI groups except the preobese and severely obese who lost weight showed increased utilisation.

Several study limitations should be taken into account. First, it is possible that utilisation is underestimated in the present analysis since both baseline and follow-up survey non-response may be associated with higher burdens of morbidity. For instance, a non-response analysis comparing participants in the S4 survey and 49% of its non-responders showed that non-responders more often had a lower level of education (German *Hauptschule*, i.e. low academic level secondary school: 65% vs. 54%) and fair or poor self-rated health (28% vs. 21%), were more often unmarried (34% vs. 29%) and smokers (29% vs. 26%), and more frequently reported physician visits in the last four weeks (46% vs. 38%), myocardial infarction (6% vs. 3%) and diabetes (7% vs. 4%). It is possible that similar patterns may be found for the 3,031 baseline participants who dropped out of the follow-up surveys in the present analysis. For example, among baseline participants aged 64 or less (n=7,296), 37.3% fell into the normal weight range, 42.3% were preobese, 15.2% were moderately obese, and 5.3% were severely obese. At follow-up drop-out was slightly higher among moderately and severely obese groups (14.4% and 4.8%) than among those in the normal weight group. In addition, caution should also be taken when interpreting the effects of changes from normal weight to moderate or severe obesity, preobesity to severe obesity, moderate obesity to normal weight, and severe obesity to preobesity or normal weight due to subsample sizes of 20 participants or less.

Second, the present surveys are restricted to participants of German nationality. Since studies have repeatedly shown that obesity is more prevalent in migrant populations \[[@R35]\], the results cannot be extrapolated to the total resident population of Germany without further assumptions.

Third, utilisation data in follow-up surveys F3 and F4 were assessed retrospectively over time horizons of 12 and 3 months, respectively. Thus, inaccuracies in the self-reported data cannot be excluded. On one hand, the validity of recalls of physician visits over a time period as long as 12 months is uncertain and may render underestimations. On the other hand, the 3-months F4 data were extrapolated to 12 months. Again, underestimation is possible since a response of "no utilisation" was coded as zero for one year even if, e.g. a participant had visited a physician four months ago. This may also explain the significant effects of the study sample in terms of lower outpatient utilisation in F4 compared to F3. On the other hand, if someone had 10 physician visits in the last three months due to acute illness, this was extrapolated as 40 visits in the year preceding the survey, in which case overestimation cannot be excluded. However, there are no indications that these limitations have biased utilisation differentials between the groups defined by maintenance of or changes in BMI category. Also, the 3-months time-slot in F4 did not refer to one and the same time of the year for all participants of the survey since it was conducted over a time period of 18 months.

Fourth, utilisation was assessed for the year before follow-up only, i.e. a single time period, implying that no changes in utilisation from baseline to follow-up could be modelled and tested for their association with changes in body weight. Thus, utilisation habits -- especially those with regards to GP utilisation -- which may be only partially related to need factors could not be controlled for. However, we did control for proxy variables for such habits (i.e. sex, age and SES), suggesting that the effects found for the BMI development variable may be attributed specifically to it and possible alternative explanations (i.e. confounding factors), such as aging leading to both weight gain and to higher utilisation, may be ruled out.

Fifth, the present analysis did not adjust for health-related behaviours such as smoking, alcohol consumption, physical activity and diet/nutrition. The rationale for this restriction was twofold. On one hand, such behaviours are antecedents of BMI development, and thus rather more distal than proximal factors in the hypothetical causal chain of behaviours leading to ill-health leading to health care utilization. On the other hand, to account for these factors in a way parallel to that regarding BMI, developments in smoking, alcohol consumption, physical activity and diet/nutrition would have to be modelled, which would have implied an analytical complexity going beyond the present examination. Sixth, incident diseases other than diabetes and first cancer (e.g. gastrointestinal disorders) were not accounted for. However, it is planned to scrutinize the role of a wider range of physical (co-)morbidities using the Physical Functional Comorbidity Index (PFCI) \[[@R21]\], which however is not available for the S3/F3 and S4/F4 longitudinal cohorts as yet.

Lastly, in January 2004, a German health care reform introduced a €10 charge for the first outpatient visit to a physician in each quarter for all adults covered by statutory health insurance. One analysis concerning differences by SES has demonstrated that avoiding a physician visit due to these charges is comparatively common among low income groups \[[@R36]\]. Since utilisation data for the present study had been collected in 2004/05 (F3) and 2006/08 (F4) after the introduction of the €10 fee, it is possible for these charges to have had some impact on participants' visits to physicians, at least at the beginning of the observation period. However, contrary to expectations and public opinion, the effects of this new copayment on decisions to visit physicians have been shown to be rather limited \[[@R37]\], \[[@R38]\], so potential bias should be minor and may not have affected the differences between BMI development subgroups. It should also be noted that this study did not analyse the reasons for utilisation, and did not focus on the referral system from general practitioners to medical specialists (as one specificity of the German health care system).

Despite these limitations, the findings of this study are largely consistent with the results of previous analyses on associations between predisposing and enabling factors, such as sex, age and SES, and outpatient utilisation. Women had more visits to GPs and "other physicians" than men, which may be explained by the finding that communication and shared decision making are more common between GPs and female patients \[[@R39]\]. Also, similar to the findings of \[[@R40]\], significantly more GP visits were reported by lower SES groups in this study. Interestingly, none of the significant age effects found in the regression analyses were considerably changed by inclusion of BMI development or incident comorbidity into the models, probably reflecting the fact that these selected health conditions are only part of the age-related morbidity spectrum in the German population. At the same time, future studies (optimally with larger samples) should further examine the association between age and utilization for different BMI- and body weight development groups using appropriate indicators (contrast variables).

The present study also found that compared to participants who were not overweight at baseline and follow-up, those who went from being moderately obese (baseline) to severely obese (follow-up) showed the most consistent excess utilisation rates across all types of physicians, which was not explained by incident diabetes or first cancer. This finding could suggest that preventing weight gain in already obese groups may potentially prevent comorbidities as well. Those remaining moderately obese tended to visit internists comparatively often, as did those who lost weight after moderate obesity, an effect which became insigificant after inclusion of incident first cancer. Incident first cancer also affected excess utilisation of non-GPs among those with stable severe obesity (again, the latter effect was insignificant after inclusion of this comorbidity). Participants that lost weight after baseline severe obesity were the group with the highest GP utilisation rate, which only partially changed after inclusion of incident diabetes. Future research should examine the needs of this specific subgroup, especially since this group did not report excess utilisation of other physicians and reported fewer (though insignificantly fewer) visits to internists. It is also unclear whether these patterns reflect high utilisation of other health care services (e.g. inpatient health care services) and/or health gains associated with this weight loss.

Conclusion
==========

Compared to normal weight maintenance over a 7- to 10-year period, maintained overweight, weight gain and weight loss were associated with higher outpatient physician utilisation in adults, especially after baseline obesity. These effects only partly became insignificant after inclusion of incident diabetes or first cancer into the model. Future research should further elucidate the associations between weight gain, loss and maintenance and health care utilisation by BMI status. Such information could be important for the identification of risk groups and the development of effective prevention measures aimed at reducing the burden and costs of illness associated with overweight. Lastly, this analysis of body weight development as a determinant of health care utilisation stresses the importance of considering predisposing, enabling and need factors when attempting to identify patterns of factors driving overweight-associated utilisation and their relative importance. At the same time, future research should expand on this analysis to include contextual factors, i.e. attributes of people's environments \[[@R30]\], \[[@R31]\].

Notes
=====
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